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HEAT SPREADER AND STIFFENER 
HAVING A STIFFENER EXTENSION 

BACKGROUND 

[0001] The complexity of semiconductor devices continues to increase. System 

performance is bounded by the weakest element. As integrated functions increase, 
mounting and package design, having major impact on device performance and 
functionality, must evolve. Moxmting and package technology must meet system demands 
as designers simultaneously seek to shrink their products, set higher expectations for 
performance, and reduce cost. Portable systems have progressively compact, high- 
perfomiance packaging. Present core-less or thin core substrates have difficulty in 
withstanding post-assembly mechanical loads (e.g. socketing, shock loading, handling) 
without deflection, deformation, and possibly damage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0002] The following represents brief descriptions of the drawings, wherein: 

[0003] FIG. 1 relates to a perspective view of an example flip chip pin grid array 

(FC-PGA) system useful in explanation and understanding of backgroimd, and example, 
embodiments of the present invention; 

[0004] FIG. 2 is a bottom view of the example FIG. 1 FC-PGA substrate; 

[0005] FIG. 3 is a top view of the example FIG. 1 FC-PGA substrate; 

[0006] FIG. 4 is a simplistic cross-sectional side view of the example Fig. 1 FC- 

PGA substrate with a mounted integrated heat spreader (IHS) (without an integrated 
stiffener); 

[0007] FIG. 5 is a magnified partial cross-sectional view of a part of the FIG. 1 FC- 

PGA system as taken along the FIG. 3 cross-sectional line 5-5, and which has an attached 
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IHS (without an integrated stiffener), such view being useful in explanation and 
understanding of background, and example embodiments of the present invention; 
[0008] FIG. 6 is another magnified, partial cross-sectional view similar to FIG. 5, 

but which illustrates an alternative example of a FC-PGA arrangement which has a thin- 
core substrate, and which has an example integrated heat spreader with integrated stiffener 
(IHS/IS) arrangement as one example embodiment of the present invention; 
[0009] FIG. 7 is another magnified, partial cross-sectional view which shows an 

altemative example of a FC-PGA arrangement which has a coreless substrate, and which 
has an example IHS/IS arrangement as another example embodiment of the present 
invention; 

[0010] FIG. 8 is a simplified side view of the Fig. 6 example FC-PGA thin-core 

substrate arrangement, or the Fig. 7 FC-PGA example coreless substrate, with a mounted 
EHS (without integrated stiffener) with pressure applied thereto, resulting in deflection, 
bending, flexing, and distortion of the thin-core or coreless substrate; 
[0011] FIG. 9 is a perspective, partially-exploded view of an example FC-PGA 

system having an example IHS/IS arrangement according to one embodiment of the 
present invention; 

[0012] FIG. 10 is a top view of the example FIG. 9 FC-PGA system, and showing 

a top view of an example contact footprint of the IHS/IS, and an example keep-out zone, 
on the substrate; 

[0013] FIG. 1 1 is a simplified cross-sectional view as taken along cross-sectional 

lines 11-1 1 in FIG. 10, such view being usefijl in illustrating another view of the FIG. 9 
IHS/IS, and illustrating the improved rigidity or stiffening support of a thin-core or 
coreless substrate having an example integrated stiffener portion of the present invention 
attached thereto; 

[0014] FIG. 12 is a top view similar to that of FIG. 10, but having an example 

rectangular window footprint according to another example of the present invention; 
[0015] FIG. 13 likewise illustrates a top view having an example multiple contact 

footprint of the IHS/IS with the substrate; 
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[0016] FIG. 14 also likewise illustrates a top view having an example alternatively 

shaped integrated stiffener portion and footprint according to another example embodiment 
of the present invention; 

[0017] FIG. 15 illustrates a cross-sectional side view having an example 

alternatively sized IHS/IS with integrated stiffener portions extending horizontally beyond 
integrated heat spreader portion; 

[0018] FIG. 16 is a perspective, partially exploded view of a FC-PGA system 

having an example IHS/IS arrangement with edge contact as another embodiment of the 
present invention being applied thereto; 

[0019] FIG. 17 is a top view of the FIG. 16 FC-PGA systems showing only the 

edge contact after the example IHS/IS has been appUed; 

[0020] FIG. 18 is a simpUfied side view showing an example added cooling 

structure (e.g. fins) to provide an integrated heat spreader and integrated heat sink with 
integrated stiffener. 

DETAILED DESCRIPTION 

[0021] Before beginning a detailed description of the subject invention, 

mention of the following is in order. When appropriate, like reference numerals and 
characters may be used to designate identical, corresponding or similar components in 
differing figure drawings. Further, in the detailed description to follow, example 
sizes/models/values/ ranges may be given, although the present invention is not limited to 
the same. Well-known power/ground connections to substrates, ICs and other components 
may not be shown in great detail within the FIGs. for simplicity of illustration and 
discussion, and so as not to obscure the invention. Further, arrangements may be shown in 
simplistic diagram form in order to avoid obscuring the invention, and also in view of the 
fact that specifics with respect to implementation of such diagram arrangements are highly 
dependent upon the platform within which the present invention is to be implemented, i.e. 
specifics should be well within the purview of one skilled in the art. Where specific details 
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are set forth in order to describe example embodiments of the invention, it should be 
apparent to one skilled in the art that the invention can be practiced without, or with 
variation of these specific details. 

[00221 The IHS/IS may also be adapted to have an electrical function. Reference is 

made to U.S. Patent AppUcation No. 09/964,586, Patent PubUcation No. 2003/0062602 
Al, entitled "Arrangements to Supply Power to Semiconductor Package" by inventors 
Kristopher Frutschy, Chee-Yee Chung, and Bob Sankman filed on September 28, 2001, 
and published on April 3, 2003. 

[0023] While the following detailed description will describe example 

embodiments of the IHS/IS arrangements applied to thin-core substrates and coreless 
substrates in the context of an example FC-PGA arrangement, practice of embodiments of 
the present invention is not limited to such context, i.e. practice of embodiments of the 
present invention may have uses with other types of chips and with other types of 
mounting and packaging technologies, e. g. flip chip ball grid array (FC-BGA) packages, 
interposers, etc.. In addition, embodiments of the invention are applicable to a variety of 
packages including organic, ceramic, and flex packages. Further, the term "substrate" as 
used in describing example embodiments can include a variety of surfaces, or layers. 
[0024] Turning now to detailed description, FIG. 1 relates to a perspective view of 

an example FC-PGA system useful in explanation and understanding of background and 
example embodiments of the present invention. More particularly, FIG. 1 illustrates an 
integrated circuit (IC) printed circuit board (PCB) carrier package system, and even more 
particularly, an example FC-PGA system 100 formed of a substrate 1 10 having a FC 120 
mounted thereto, FC underfill 125, pins 130, die side components (DSCs) 140, a plurality 
of exposed electrical interconnections 150, and an indexing mark 160. The substrate 110 
may be, for example, a fiber-reinforced (FR) resin substrate, the FC 120 may be a solder- 
bumped FC die, and the underfill 125 may be an epoxy underfill. The pins 130 may be 
arranged in a PGA, and may be formed of copper alloy or Kovar material, which is plated 
with nickel (Ni), and gold (Au). The DSCs 140 are optional, and may be, for example 
decoupling capacitors, or resistors. In some industry embodiments, DSCs may be 
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prohibited from a die (primary) side of the substrate. The exposed electrical 
intercomiections 150 may be, for example, exposed laminate vias and/or trace 
intercomiections (described hereinafter). Finally, the indexing mark 160 may be a gold 
triangle, and serve as an index, for, for example a pin number 1 . 

[0025] Turning next to FIG. 2, there is shown a bottom view of the example FIG. 1 

FC-PGA substrate. More specifically, the bottom view 210 illustrates an example layout 
of a bottom (or pin) side PGA, and pin (secondary) side components (PSCs) 240 (e.g. 
decoupling capacitors, and resistors). 

[0026] FIG. 3 is a top view of the example FIG. 1 FC-PGA substrate. More 

specifically, such top view 310 illustrates a die moimting area 320, a FC underfill area 325, 
andDSCs 140. 

[0027] FIG. 4 is a simplistic cross-sectional side view of the example FIG. 1, FC- 

PGA 100, which may fiirther include an IHS 410 (without integrated stiffener) mounted on 
top of FC die 120 through a thermal interface agent 420, such as thermal grease or 
conductive epoxy, and fiirther may include a lip portion 412 which may be bonded to the 
edges of the substrate, e.g., using an adhesive or solder. The lip may be very thin as a 
main purpose of the lip 412 is the bonding thereof to the substrate and hermetic sealing of 
the package (as opposed to stiffening). That is, as the lipped IHS was applied to thick core 
substrates not having rigidity concems, the lip was not designed to provide stiffening 
support to the substrate. Another purpose of the IHS was to provide a convenient 
mechanism for attachment of customized heat sink designs thereto. The simplistic side 
view 400 fiirther includes dimensional notations of interest including Al, which represents 
a (die + IHS) height above substrate 110, and A2, which represents a substrate 110 
thickness. The FC-PGA arrangement is in turn, insertable (indicated by arrow 70) into a 
socket 80 of an electronic system 90 (e.g., a notebook computer, cell phone, PDA, etc.). 
[0028] Turning now to more detailed illustration, and discussion or relevant 

constructions of the FIG. 1 FC-PGA, FIG. 5 is a magnified partial cross-sectional view of a 
part of the FIG. 1 FC-PGA system as taken along the FIG. 3 cross-sectional line 5-5, and 
which has an attached IHS, such view being usefiil in explanation, and understanding, of 
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background and example embodiments of the present invention. FIG. 5 shows an IHS 410 
mounted on top of FC die 120 through a thermal interface material 420, such as thermal 
grease or conductive epoxy. The IHS may be made of any suitable thermally conductive 
material, for example, nickel-coated copper. 

[0029] Particularly, the magnified partial cross-sectional view 500 more clearly 

illustrates that the FC-PGA substrate 1 10 is a pinned, laminated PCB structure in the form 
of an organic structure including an internal core 512 which may be, for example, a FR 
substrate formed of Bismaleimide Triazine (BT) resin reinforced with glass fiber, with a 
transition temperature (Tg) ranging from 165°-175°C. The core 512 may be 0.7-0.8mm in 
thickness, and further, may be surrounded by multi-laminate layers on both sides of the 
core. More particularly, die (primary) side laminate layers 514 may be provided on a die 
side of the core 512, whereas pin (secondary) side laminate layers 516 maybe provided on 
a pin side of the core 512. The multi-laminate layers generally contain additional ground, 
power, and signaling interconnects 517, for example in the form of copper traces separated 
by dielectric layers, to provide electrical interconnections between the pins 130, and the 
substrate lands 519 (which, in turn, interface with, and electrically interconnect to the FC 
bumps 522 of the FC 120). 

[0030] Further included as substrate interconnections structures are via holes 5 1 8 

drilled at least partially through the core 512 and/or laminate layers 514, 516, and filled 
with electrically-conductive material to provide appropriate interlayer electric conduction 
paths. The FC 120 is more clearly show as having a FC underfill 125 associated 
therewith for bonding, and hermetic sealing, while PSCs 240 are more clearly shown as 
having a PSC underfill 542 associated therewith for bonding, and hermetic sealing. 
[0031] Whereas the internal core 512 may be, for example 0.7-0.8mm in thickness, 

the laminate layers 514, 516 may be, for example, constructed of a plurality of 15|im 
copper interconnect laminate layers, and for example 30^m dielectric laminate layers. 
Overall, a thickness dimension (A2, FIG. 4) of the substrate 100 may be, for example in a 
thiclmess range of 1.0- 1.2mm. In contrast, the die 120 may be, for example, in a thickness 
range of 0.6-0. 9mm, and may be 0.8mm. 
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[0032] The thick core 512 of FIG. 5 affords a high degree of rigidity, or stiffness, 

to the FC-PGA substrate 110 such that, when the PC 120 is mounted and interconnected to 
the substrate 100 via high pressure, and heat (i.e. a high temperature thermo-bonding 
process), the FIG. 5. FC-PGA experiences a neghgible amount of deflection, bending and 
flexing. Accordingly, the FC 120 can be securely, and rehably mounted, and 
interconnected to the substrate 100, and further hermetically sealed/protected by the lipped 
IHS. The FIG. 5, thick core substrate FC-PGA, however, is thick and heavy. More 
specifically, as previously indicated, there is a significant drive from the mobile (e.g. 
notebooks, cell phones and PDAs) section of the electronics industry to achieve thinner, 
and more light-weight electronic arrangements. Accordingly, there is interest in 
developing thin-core, and coreless substrate arrangements. Examples of thin-core and 
coreless substrates will be discussed. 

[0033] More specifically, turning first to an illustration, and discussion of a thin- 

core substrate arrangement, FIG. 6 is another magnified, partial cross-sectional view 
similar to FIG. 5, but which illustrates an ahemative example of a FC-PGA arrangement 
which has a thin-core substrate, and which has an example IHS/IS 620 as one example 
embodiment of the present invention. 

[0034] Only differences between FIGs. 5 and 6 will be discussed for the sake of 

brevity. FIG. 6 illustrates an arrangement 600, including a substrate 110* composed of a 
thin-core 512' which may be in a thickness range of, for example, 0.1 -0.5mm, and more 
specifically, 0.4mm, for example. The thin-core 512' may be constructed of FR substrate 
materials as previously discussed, or alternatively, may be differing materials affording an 
even higher degree of rigidity. 

[0035] A remainder of the construction is substantially the same as FIG. 5, with 

FIG. 6 likewise including die side laminate layers 514', pin side laminate layers 516', 
laminate interconnections 517', vias 518'. and substrate lands 519'. In comparing the 
background FIG. 5 arrangement having the thick core substrate of the example 0.8mm core 
thickness, note that the FIG. 6 arrangement having the thin-core substrate of the example 
0.4mm core thickness results in a thickness savings of approximately 0.4mm, as well as a 
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corresponding weight and raw material savings. Discussion of the IHS 620 will be made 
ahead. 

[0036] Turning next to description of a coreless substrate arrangement, FIG. 7 is 

another magnified, partial cross-sectional view, which shows another alternative example 
of a FC-PGA arrangement 700 which has a coreless substrate, and which has an IHS/IS 
arrangement 720 as another example embodiment of the present invention. More 
specifically the arrangement 700 includes a substrate 1 10" in which the core has been 
omitted, such that the substrate 1 10" corresponds only to a combination of the die side 
laminate layers 514", and pin side laminate layer 516". In comparing again with the FIG. 5 
arrangement, note that the FIG. 7 coreless substrate arrangement results in an even greater 
thickness savings of approximately 0.8mm, and again substantial weight savings. 
[0037] Again the various laminate copper interconnect layers, and dielectric layers 

514", 516", laminate interconnections 517", vias 518", and lands 519" may be as previously 
discussed, or alternatively may be of differing materials affording an even higher degree of 
rigidity. Just like the IHS 620, the IHS 720 will be discussed ahead. 
[0038] As thin core and coreless substrate technologies are in their infancy, the 

thin-core and coreless substrate arrangements pose significant technical challenges with 
respect to mechanical strength during pinning, assembly, testing, and socket engagement, 
for example. More particularly, discussion now tums to special considerations with 
respect to the FIG. 6 thin-core substrate arrangement, and the FIG. 7 coreless substrate 
arrangement. 

[0039] To begin such discussion attention tums to FIG. 8, which is a simplified 

cross-sectional view of example FC-PGA with IHS (without integrated stiffener) 
arrangement of a thin-core or coreless type, with pressure applied thereto. More 
specifically FIG. 8 illustrates a side view 800 of a thin core substrate 1 10', or coreless 
substrate 110", having pressure 805 appHed thereto, e.g. for the purpose of FC 
pressure/high temperature mounting, and interconnecting. There is an approximate 
proportional relationship of the stif&ess of the substrate to the thickness of the substrate 
cubed, that is for example, as the thickness of the substrate is reduced by half, there is an 
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eight-fold reduction in stiffiiess. Due to the reduced rigidity or stiffiiess, the result is a 
deflection (or bending B, flexing, or distortion) of all, or at least portions, of the thin-core 
or coreless substrate. As shown in exaggerated form in FIG. 8, the thin-core or coreless 
substrate 110', 110" experiences substantial deflection (or bending, flexing, distortion) 
upon pressure application. Substantial deflection occurs especially in the unsupported lip- 
to-die region as shown representatively by the dashed lines 807,809. That is, the thin-core 
or coreless substrate 110', 110" does not have sufficient rigidity as does the FIG. 5 thicker 
core substrate 110 arrangement. 

[0040] The deflection, bending, or flexing may result in unequal pressure 

distribution and stresses applied across the FC die 120 with resultant FC die cracking. The 
excessive deflection, bending, flexing, or distortion may prevent, or break critical 
electrical, bonding and interconnection between various ones of the bonded FC-bump 522 / 
substrate-land 519', 519" pairs. Another distinct possibility is that excessive deflection, 
bending, flexing, or distortion may cause the laminate layers 51 475 16', 514"/516" to 
experience laminate separation, which may in tum result in critical electrical interconnect 
disruption within the laminate layers, and even total de-lamination. A further distinct 
possibility of excessive deflection, bending, flexing, or distortion is that it may cause 
cracking or improper underfill seating of either, or both, of the FC underfill 125, or PSC 
underfill 542, leading to an imperfect bonding and/or imperfect hermetic seal (which may 
later lead to moisture issues, or gas contamination). 

[0041] Still a further possibility is a major grid misaUgnment between (disturbance 

of) respective pins of the PGA, such being shown in exaggerated form as C within FIG. 8. 
Any PGA pin misaUgnment would have difficult realignment of a multitude (e.g. many 
tens) of pins to be accomplished by an end user so as to allow the FC-PGA arrangement to 
be mounted to an interfacing component (e.g. socket 80 (FIG. 4)). In addition, excessive 
deflection, bending, or flexing may result in partial, or total, DSC and/or PSC 
delamination, resulting in separation, and detachment, fi-om the substrate 1 10', 110". Even 
after FC bonding, pressure exerted to the arrangement, e.g. during socket mounting or heat 
sink mounting, may likewise result in the excessive bending, flexing, distortion, and 
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accompanying issues (e.g. metallic heat sink tilt resulting in contact of the exposed 
electrical interconnections). 

[0042] Discussion turns now to example embodiments useful in preventing 

excessive deflection, bending, flexing, or distortion. More particularly, FIG. 9 is a 
perspective, partially-exploded view of an example, FC-PGA system having an example 
EHS/IS arrangement according to one embodiment of the present invention. More 
specifically, FIG. 9 illustrates a stiffened arrangement 900 in partial exploded view, and 
including an example IHS/IS 910 located on a major die side plane of the substrate. The 
stiffening provided by the IHS/IS 910 may be provided by an extended base, stiffener 
extension, or support shelf 630 extending (e.g., inwardly) firom the lip of the substrate 110', 
110'* towards the center of the substrate 110', 110" essentially parallel to the top plane of 
the substrate 110', 110". The FIG. 6 embodiment shows (in representative dashed-line 
form) the IHS/IS with the lip, or shelf, or stiffener extension 630 (in representative dashed- 
line form) extending outwardly towards the center of the substrate. Altematively, an 
IHS/IS smaller than the substrate may have extended base 920 also extending outwardly 
towards the edge of the substrate 1 10', 1 10". Such extended base, stiffener extension, or 
support shelf 630 may be one of a monolithic construction as the IHS, or manufactured 
separately, and integrated by a separate process (e.g., welding, molding) with the IHS. 
[0043] The IHS/IS 910 will have a contact footprint 930 with the substrate 1 10', 

110". The IHS/IS 910 may be attached in a variety of manners to the substrate 110', 110" 
including attachment by a thermally conductive adhesive layer(s) 940, or soldering (e.g., to 
facilitate conductivity). In addition, or altematively, the bottom of the extended base of 
the IHS/IS may have a pinned or otherwise keyed arrangement to facilitate in proper 
aligrmient, attachment, or act as attachment points, and also facilitate conductivity. As an 
alternative to conductivity e.g., being electrically connected, the IHS/IS may also be 
electrically insulated fi*om the substrate or exposed electrical interconnections, by an 
electrically insulating layer 940' (FIG. 9) which may be an electrically insulating adhesive 
layer, or a gasket. 
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[0044] The IHS/IS may be formed of any fflS thermally conductive material 

providing a desired degree of stiffiiess or rigidity to the thin-core/coreless substrate 110\ 
110". As to formation, the IHS/IS 910 may be formed though a well-known process, for 
example, a non-exhaustive listing of suitable processes includes molding, stamping, 
etching, depositing, and extruding. The IHS/IS may be, for example, made of metal, or 
even a plastic having suitable thermally conductive properties. The IHS/IS may be made 
of a suitable material capable of withstanding elevated temperatures, which may be 
experienced during a FC mounting/bonding operation, or during normal chip operations. 
The IHS/IS 910 may have adequate clearance such that it does not interfere with other FC- 
PGA components, such as the die, underfill, and DSCs. 

[0045] Tuming now to further relevant discussions FIG. 10 is a top view of the 

example FIG. 9 FC-PGA system, showing a contact footprint 930 of the example 
embodiment IHS/IS 910 on the die plane of the substrate. This view also illustrates there 
may be a keep-out zone 1010, with any exposed electrical interconnections, component, or 
other raised protrusions to be located outside such keep-out zone 1010. The keep-out zone 
1010 may be a same size as contact footprint 930 or may be larger than the contact 
footprint 930 to allow for misalignment tolerances of the IHS/IS attachment. 
[0046] FIG. 1 1 is a simplified cross-section view as taken along cross-sectional 

lines 1 1-1 1 in FIG. 10, such view being usefiil in illustrating a side view of the FIG. 9 
IHS/IS, and illustrating the improved rigidity of a thin-core or coreless substrate having the 
example integrated stiffener portion of the present invention attached thereto. With regard 
to fiirther detail, FIG. 1 1 illustrates the pressure 805 (such as a FC mounting/connecting 
pressure) being applied to a thin-core substrate 110' arrangement, or a coreless substrate 
110", arrangement having the stiffener 910 thereon. As shown within FIG. 11, the IHS/IS 
910 provides enhanced rigidity such that the substrate 1 10\ 1 10" does not experience 
substantial deflection, bending, flexing, or distortion. Specifically 807' (or 807") / 809' (or 
809") will be a substantial percentage (e.g. 50, 60, 70, 80, 90% or even 100%) less than 
deflection 807/809 shown in FIG. 8. In addition bending B'(or B") and/or pin 
displacement C (or C") will be substantially less than B/C shown in FIG. 8. With less 
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deflection, bending, and less pin displacement, the previously discussed imperfect 
bonding, de-bonding, and de-lamination, and grid misalignment will also be 
consequentiality lessened. Thus, a thinner, lighter-weight device is achieved through use 
an IHS/IS 910. The greater the lip, shelf, stiffener extension 630 toward the die center, the 
greater the increase in substrate stif&ess however, in one embodiment, the extension 630 
may not extend complete to the die or underfill, but instead space may be left for DSCs, 
exposed traces, and die/IHS alignment tolerances. 

[0047] In one example embodiment, the volimie 1110 contained between the 

substrate 110 VI 10" and the fflS/IS 910 may be filled with air, or alternatively, filled with a 
thermally conductive material (e.g., fluid) to aid in heat dissipation. 
[0048] Discussions turn next to FIG. 12, which is a top view similar to that of FIG. 

10, but having an example IHS/IS with an integrated stiffener contact footprint 
arrangement according to another example embodiment of the present invention. More 
particularly, FIG. 12 illustrates a rectangular, window footprint. One aspect to note with 
respect to comparison of FIG. 10 and FIG. 12, is that whereas the integrated stiffener 910 
of FIG. 9 provides enhanced stiffiiess substantially along a single direction (e.g. 
unidirectionally), the integrated stiffener footprint 1210 of FIG. 12 indicates enhanced 
stiffness provided in a plurality of directions (e.g. bi-directionally). The example 
embodiment of FIG. 10 has the benefits of weight and material savings in situations where 
FC-PGA arrangements have unidirectional stiffening. 

[0049] Continuing, FIG. 13 likewise illustrates a top view of the contact footprint 

of the IHS/IS with the die plane according to another example embodiment of the present 
invention. That is, FIG. 13 shows an example arrangement having integrated comer 
stiffening portions 1310 providing selective integrated stiffening with the IHS/IS. FIG. 14 
also likewise illustrates a top view having an example altematively shaped contact 
footprint 1410 of the IHS/IS according to another example embodiment of the present 
invention. FIG. 14 is illustrative of the fact that any regular, or non-regular geometric 
shape 1410 and even non-regular geometric shape is suitable for the contact footprint of 
the IHS/IS embodiments of the present invention. More specifically, practice of the 
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integrated stiffeners of embodiments of the present invention may have only a minimum 
standard such that the integrated stiffener provide a sufficient level of stiffness in order to 
avoid excessive FC-PGA deflection, bending, flexing, or distortion. Some predetermined 
degree of deflection may be acceptable with respect to a given FC-PGA arrangement. 
[0050] FIG. 15 shows a simphfied side view of substrate with another example 

embodiment of the IHS/IS 1510 illustrating an IHS having a main body which is smaller in 
width (or area) than a width (or area) of the substrate, and which may have both outwardly, 
and inwardly, extended stiffening base portions in a plurality of directions 1520. 
[0051] FIG. 16 illustrates a perspective partially-exploded view of another example 

FC-PGA system having an example IHS/IS edge/ring arrangement as another example 
embodiment of the present invention being applied thereto. More specifically, illustrated 
as arrangement 1600 are IHS/IS edge components 1610, 1620 aligned for appUcation to 
the FC-PGA, with FIG. 17 illustrating the top die- side plane- view of such IHS/IS edge, or 
ring, component aheady applied to the FC-PGA. That is, a first component 1610 may be a 
three-sided inverted box which, during installation, slides over or snaps onto three sides of 
the substrate 110', 110". The second component 1620 may slide over or snap onto the 
remaining side, so as to complete the hermetic sealing and stiffening support. With regard 
to construction, the integrated edge components of the IHS/IS may simply be flat, or may 
be of a generally C-shaped cross section which is adapted to mate with the edge of the 
substrate 1 lOVl 10" (see, e.g., the left hand side of FIG. 7). As illustrated by Fig 7, another 
example stiffener embodiment may include a substrate perimeter ring stiffener 730, bonded 
to the substrate by e.g., epoxy 740. In one embodiment the ring stiffener 730 is of the 
same (or slightly less) thickness as (than) the substrate 110" so that it does not project 
above, or below, the substrate. This facihtates assembly machine (e.g. paste-print and die 
attach) usage for both die attachment, and land side capacitor attachment. The stiffener 
ring 730 can be attached to the substrate 110" at high temperature so as the assembly cools 
the substrate is put into tension helping to keep it flat. One embodiment uses 4340 steel 
(e.g. Coefficient of thermal expansion (CTE) = 12 ppm/ ^C) for the stiffener ring because 
it will not shrink as much as the substrate (e.g. CTE = 6 ppm/ ^ C). The epoxy's high CTE 
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(e.g. 60 ppm/ ^ C) also aids substrate tension, because it will shrink more than both the 
stiffener ring and substrate. In this example embodiment, the IHS/IS 720 may be bonded 
(e.g., via adhesive (epoxy), soldering) mainly to the ring stiffener 730 (as opposed to the 
substrate 1 10\ 110" perimeter). This way, pressure 805 is transferred to the rigid ring 
stiffener 730, rather than the less stiff periphery of the substrate. As one alternative, the 
IHS/IS 720 may also have inwardly or outwardly extending extensions as again shown 
representatively by the dashed line extension 630. As another alternative, the ring stiffener 
730 may have inwardly extending extensions 730' which extend to overlap, or wrap 
around, below or above the substrate to further enhance stiffening. 
[0052] In the IHS/IS edge, or ring, stiffener component arrangements of FIGs. 7, 

16-17, a high level of stiffening may be provided owing to the vertical sides, and C-shaped 
cross-section. Accordingly, such edge stiffener components may be able to be made of a 
thinner material. The edge stiffener components of FIGs. 7, 16-17 may be more difficult 
to manufacture, harder to mount to a FC-PGA, and the substrate 110*, 1 10" thickness may 
have to be more tightly controlled so as to fit properly within the internal channel of the 
edge stiffening component 1520. 

[0053] The interface agent 420 may be of varying thickness to compensate for 

height differences between the IHS/IS and the die height above the substrate. Prior 
discussion with regard to integrated stiffener mounted to the die plane is equally applicable 
to the example integrated edge/ring stiffener embodiment. 

[0054] The integrated IHS/IS component may also be configured to serve as a heat 

sink. FIG. 18 illustrates a side-view of an embodiment of the present invention 1810 of an 
integrated heat spreader and integrated heat sink with integrated stiffeners having optional 
cooling fins 1812 to aid in heat dissipation. 

[0055] As a further embodiment, the IHS/IS may be electrically connected to the 

substrate to help serve as a ground plane. The IHS/IS in this example embodiment is 
electrically connected through an electrically adhesive layer 940' (e.g. solder), and/or 
through bottom pins on the integrated stiffener extension 920, so as to act as a ground 
plane. This embodiment aids in control of static discharge. 
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[0056] In addition, the stiffened thin-core/coreless substrate FC-PGA arrangements 

of embodiments of the present invention may also reduce packaging parameters (e.g. 
inductance, resistance, etc.) owing to the thinner size, and reduced interconnection lengths. 
[0057] In conclusion, reference in the specification to *'one embodiment", "an 

embodiment", "example embodiment", etc., means that a particular feature, structure, or 
characteristic described in connection with the embodiment is included in at least one 
embodiment of the invention. The appearances of such phrases in various places in the 
specification are not necessarily all referring to the same embodiment. Further, when a 
particular feature, structure, or characteristic is described in connection with any 
embodiment, it is submitted that it is within the purview of one skilled in the art to effect 
such feature, structure, or characteristic in connection with other ones of the embodiments. 
Furthermore, for ease of understanding, certain method procedures may have been 
deUneated as separate procedures; however, these separately delineated procedures should 
not be construed as necessarily order dependent in their performance, i.e., some procedures 
may be able to be performed in an alternative ordering, simultaneously, etc. 
[0058] This concludes the description of the example embodiments. Although 

embodiments of the present invention have been described with reference to a number of 
illustrative embodiments thereof, it should be understood that nimierous other 
modifications and embodiments can be devised by those skilled in the art that will fall 
within the spirit and scope of the principles of this invention. More particularly, 
reasonable variations and modifications are possible in the component parts and/or 
arrangements of the subject combination arrangement within the scope of the foregoing 
disclosure, the drawings and the appended claims without departing fi-om the spirit of the 
invention. In addition to variations and modifications in the component parts and/or 
arrangements, alternative uses will also be apparent to those skilled in the art. 
What is claimed is: 
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